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SUMMARY 

For intermediate size problems where all the data is acces- 
»le, the present method of subs true taring in three separate phases 
>r static analysis) is unneccessarily cumbersome. The versa- 
.ity of NASTRAN' s DMAP and internal logic lends itself to find- 
; a practical alternative to these procedures whereby self- 
stained special-purpose ALTER packages can be written to be run 
ione pass. Two examples are presented here under the titles of 
i.tipartitioning and "one-shot" sub structuring. The flow of 
ptipartitioning resembles that of the present three-phase sub- 
ructuring. The basic effect is to partition the structure 
fo substructures and operate on each substructure separately. 

Ls can be used to reduce the bandwidth of a given problem as 
.1 as to store information which will allow a change to be made 
one of the substructures in a later run. This latter pro- 
iure is carried out in a second program titled "one-shot" sub- 
ructuring. 


INTRODUCTION 

At present, in order to use NASTRAN subs true taring for a 
itlc analysis, the user must perform a three-phase analysis on 
3 structure as discussed in reference 1. In Phase I, the stiff- 
ss and load matrices are computed and saved for each subs true - 
re. This requires a separate computer run for each subs true - 
re. Phase II merges the reduced matrices from Phase I and 
nputes the substructure boundary (a -set) displacements. This 
quires the Input of one tape for each substructure, an ALTER 
ckage to suit the given problem, and user-generated partition 
ctors or multipoint constraints. In Phase III, each substruc- 
re is restarted by using as input the a -set displacements computed 
Phase II and Phase III gives as output the final solution. Once 
ain, this procedure requires a separate run for each substructure. 
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One of the useful applications of sub structuring is to 
allow the user to make changes to one or more of the substruc- 
tures and regenerate solutions with a minimum of man and machine 
effort. This application requires the user to execute one Phase I 
run for each substructure change, one Phase II run, and as many 
Phase III runs as there are total substructures. 

Some of the practical difficulties encountered at present 
are summarized as follows : 

1) Each phase must be run consecutively and this increases 
the real-time requirements. 

2) For Phases I and III each substructure must be run 
independently. This increases the cost, 

3) The user must take care in handling the tapes and 
restart dictionaries used in the various phases. 

4) For Phase II, the user must write a DMAP ALTER to 
suit the given problem. This requires taking into 
account the number of substructures involved. The 
user must also input a partition vector for each 
substructure. 

5) If a substructure is changed and the problem rerun, 
the three phases must be run consecutively once 
again. 

For many large-scale problems encountered, especially where 
information is gathered at different locations, this procedure 
will be practical, but for many cases of Intermediate and large 
size problems where all the data is accessible and fits within 
the storage capacity of the computer, this procedure seems un- 
necessarily cunibersome. 

A practical alternative to these procedures Is to write 
special purpose programs through the use of DKAP ALTER packages, 
each suitable for a given need and each self contained in one 
program to be run In one pass. Examples of this are presented in 
the present paper and are titled multipart It lonlng and "one-shot" 
substinicturlng. T..ese procedures contain the following features: 
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1) Only DMAP ALTER statements ere involved so that no 
additional capabilities need be included in NASTKAN, 
although some are suggested in order to make the methods 
more effi \^ent and flexible » 

2) The complete subs true turing (multipartitioning) analy- 
sis can be carried out in one run, 

.3) If a change is made in one of the substructures the 

program only requires as input the changed substructure 
and again gives a complete analysis of the entire struc- 
ture in one run, 

4) The rules for setting up the program for a given problem 
do not require the user to make any changes in the DMAP 
ALTER pacl^ge • 

5) The need for partition vectors has been eliminated, 

6) The instructions to be followed for generating the re- 
quired Case Control and Bulk Data Decks are simple, 

7) There is a minimum of tape handling and no restart 
dictionaries required. 

At present the ALTER packages presented here for static analy- 
is carry the limitation that when making changes to a given sub- 
tructure for a follow-up substructure analysis , the elements ad- 
acent to the boundary points (a -set) must be unchanged in stiff- 
less because the contribution due to these elements cannot be 
istinguished in forming [K_^]. (See fig. 1.) 

MULTIPARTITIONING AND ONE-SHOT SUBSTRUCTURING 

The program flows for multlpartltionlng and one-shot sub- 
tructurlng are given In figure 1 and the specific DMAP ALTER 
ackages are given In figures 2 and 3. In the multlpartltionlng 
ackage the entire data for a complete structure is given as in- 
t, along with the a -set points used to partition the structure 
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and the grid points which are contained in each substructure. The pro- 
gram then partitions the stiffness matrix by isolating each partitioned 
substructure. The individual substructures are then operated on sepa- 
rately as if the boundary degrees of freedom (a-set degrees of freedom) 
are completely fixed. The interaction effects are then summed and the 
a-set points are solved for. This information is then passed back to 
each substructure and the solution for each substructure is carried out. 

It can be seen that this method follows the normal procedure of sub- 
structuring without having to form partition vectors for each substruc- 
ture. The overall effect is to partition the stiffness matri x as would 
normally be done by using the partitioning (ASET or OMIT) feature, 
but the name multipartitioning comes from the similarity between the 
present method and the method of partitioning coupled with resequencing 
of nodes which results in a reduction of the bandw.dth. A demcastration 
of this method is shown in figure 4. Figure 4(a) represe .ts a finite - 
element idealization where the nodes are numbered to produce the mini- 
mum bandwidth. The idealization is partitioned into two sections as 
shown. Figure 4(b) represents the initial structure before partitioning 
and figure 4(c) after partitioning. The bandwidth has been reduced from 
7 (assuming one degree of freedom per node) to 6. II we use the methods 
of multipartitioning the two subdivisions are treated separately; thus, the 
bandwidth is reduced to 4 as shown in figure 4(d). This reduction could 
also be accomplished by usii.g the method of partitiomng (fig. 4(c)) along 
with reordering the nodv.« as sho'^M in figure 4(d). 

We can now make a 'l.anjje. \.i one of the substructures and repeat 
the uialysis. Only the d?.l.'i for ihe changed substructure is required, 
along with the stored inf jrn.atiou (on tape) of the old complete structure. 
Required calculations for the new structure are carried out (see fig. 1) 
and the complete analysis of all the substructures proceeds as before. 

USER PROCEDURES 

The user procedures will be given by lonstration. Figure 5(a) 
represents a structure to be analyzed by the present mechods. The 
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structure is subdivided into three substructures and we are interested .. . 

; two different loading conditions. The three substructures are shown in 
figure 5(b). (An intern>ediate solution for the three substructures fixed at 
^ the a-set points is included in the ALTER package.) 

The Executive Control Deck contains the multipartitioning ALTER 
i package (fig. 2). The Case Control Deck and Bulk Data Deck are shown in 
I figure 6. The Bulk Data Deck wi.l be discussed first. The elements, grid 
points, loads, and property cards are as usual. The ASET card defines the 
' boundary points of the substructures. The boundary conditions (simply 
supported in this case) are placed on the gric point identifications (for 
' simplicity). All the grid points not included in the a-set are placed on 
SPC cards as follows: those contained in substructure i are placed in 

i 

I SPC set number 100 + i (see SPC and SPCl cards) and then added together 
so that SPC sot j contains all points not in substructure j ^see SPCADD 
cards). This method is used in the program to partition out each substruc- 
. ture. One auxiliary device must be mounted (INPT) for the multipariitioning 
: program. If information is to be retained for subsequent use (e.g., to change 
I one of the substructures) then three additional tapes must be mounted (^NP3, 
INP4, and INP5), and a parameter TAPE=1 must be defined. (See PARAM 
card.) With a slight modification to the DMAP ALTER packages, this can 
be reduced to one additional tape. The Case Control Deck first defines sets 
corresponding to the nodes and elements contained within each substructure. 
If these sets are omitted, the output for a given substructure will contain null 
values for quantities cor ..'Sponding to nodes and elements not contained in 
the given substructure but contained in the total substructure. The subcase 
definitions are as follows: the first digit refers to the substructure and the 
second digit corresponds to the load case (e.g., SUBCASE 31 corresponds to 
substructure 3 load case 1). The subcase sequence is as shown, i.e., each 
subcase is defined as many times as there are loading conditions, where the 
number of subcases must be the same for each substructure. The subcase 
numbering system is only suggested as a mnemonic to be used for ordering 
I the r^ubcases correct! 

j Figure 5(c) represents a ch' .'.ge in geometry of substructure 2. 

Any change can be made (geometry, material properties) so long as 
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the elements adjacent to the a-set points remain unchanged in stiffness. 

The Executive Control Deck now contains the one-shot substructuring ALTER 
package (fig. 3). The Bulk Data Deck contains only the new substructure and 
load conditions along with the a-set points for the complete structure (fig. 7). 
The ASET card must contain the same number of degrees of freedom as in 
the original multipartitioning run and the a-set points contained in the 
changed substructure must occupy the same relative position aji before. For 
this purpose fictitious grid points (or scalar points) must be defined and con- 
strained on SPC cards. Two parameters are defined in the Bulk Data Deck. 
NUMSUB is set equal to the total number of substructures and SUB?^UM is 
set equrJ to the number of the substructure to be changed. The Case Control 
Deck contains one subca . e for each load condition and the number of load 
conditions must be the same as in the original multipartitionlng run. 

CONCLUDING REMARKS 

It nas been shown that using NASTRAN’s DMAP capabilities one can 
write AL'fER packages to handle special cases of rubstructuring to be run in 
a single pass, without the use of new modules. These programs result in a 
saving of computer cost and real time as well as lessening the chance of 
error due to data handling. However, greater versatility could be obtained 
if some additional capabilities were included in the NASTRAN program. 

These capabilities include set definitions for elements, grid points^ and 
a-set (and o-set) degrees of freedom. 

In connection with "partitioning'' methods a recent publication (ref. 2) 
should be of interest. 
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ALTER l«l 

BEGIN NO*X STATIC ANALYSIS-SERIES MX-MULT IPART ITIONING $ 

alter 50 

PARAM //C*NfNOP/V*N#Pl»-l 
PARAM //C#N»N0O/VfN*TRUE«-l S 
PARAM //C*N*NOP/VtYfTAPE*-l S 
% INITIALIZE TAPE - WRITE LABEL AND REWIND 
OUTPUTX* •••*//C*N«-l/CtNfO/CtNfTPO f 
CONO TPNOltTAPE 

$ INFORMATION TO BE SAVED FOR SUBSEQUENT RUNS- IF NOT DESIRED SET 

$ TAPE»-l ON PARAM BUL< DATA CARO 

OUTPUTlf t**»//C*N»-l/C*N*3/C«N#TP3 S 

OUTPUTl* f »t»//C*N*-X/C»N»A/CfN.TPA S 

OUTPUTX* f t**//CtN*-X/C*N«S/r#NtTPS S 

LABEL TPNOl 

ALTER 5A 

$ FORM PARTITION VECTOR G(L*COMP) 

VEC USET/V/CtN.G/C.NfL/C»N*COMP % 

CHKPNT V $ 

S FORM PARTITION VECTOR F(L*C0MP) 

VEC USFT/VFLC/CfN*F/CfN*L/CfN*COMP S 
CHKPNT VFLC S 
PRTPARM //CtNtO $ 

ALTER 75 

% PARTITION OUT L-SET 

% L-SET IS SAME FOR ALL SUBSTRUCTURES 

UFARTN liSETtKFF/KLLB*fKAO*/CtN*F/C*N*A/CtN«0 S 

CHKPNT KLLBfKAO S 

ALTER nu 

JUMP LBL7 $ 

ALTER 94 

PARAM //C*N»SUa/V»N*NULL/C*N#-X/VfNfPX S 
CONO LBLNXfNULL 

% INITIALIZE KLLT TO NULL • FIRST PASS ONLY 
ADD KLLt/KLLT/C«N«(O«0fO»O) S 
CHKPNT KLLT $ 

COND TPN02*TAPE 

OUTPUTl KLLBtif t//C«NftO/C«N*3 $ 

LABEL TPN02 
(.ABEL LBLNl 
CONO TPN03*TAPE 

OUTPUTl KAO*GO*tf// CfN#0/CiN»3 $ 

LABEL TPN03 

ADD KLLfKLLT/KLLX/ % 

CHKPNT KLLX S 

EOUIV KLLX#KLLT/TRUE S 

CHKPNT KLLT % 

CONO LBLSAfPl S 

$ SUBTRACT KLLB -ROM KLLT EACH PASS AFTER THE FIRST 
% FIRST PASS GIVES TOTAL CONTRIBUTION OF KLLB 
1 SINCE L-SET IS SAME FOR ALL SUBSTRUCTURES 
ADD KLLT«KLLB/KLLXX/CtNf (l*OfO«0)/C«Nt(«X*0«0«0) % 

CHKPNT KLLXX S 

EOUlV KLLXX tKLLT/TRuE S 

CHKPNT KLLT % 

LABEL L8L5A 
ALTER 96 

$ PARTITION OUT L-SET 
% L-SET is same for all SUBSTRUCTURES 
PARTN PGoV/PL8«M/CiN«l/CftNt2/C«Nt2 S 
CHKPNT PCB % 

ALTER lOOtlOl 

SS62 USET«GM»YS»KFS»QOf fPG/*PO«PS«PL $ 

CHKPNT POtPSiPL % 


Figure 2,- DMAP ALTER package for multlpartitioning. 
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ALTER 102 
CONO LBLN2fNULL 

S INITIALIZE RLT TO NULL* FIRST PASS ONLY 
ADD PL*/PLT/C*N*(0.0«0*Ot S 
CHAPNT PLT $ 

CONO TPNOL*TAPE 

OUTPUTl PL8****//C«NtO/CtN*A S 
LABEL TPNOA 
LABEL LBLN2 
TRNSP GO/GOT $ 

CONO TPN05»TAPE 

OUTPUTl GOT*PO*t*//CtN*0/C*N*A S 

LABEL TPN09 

ADD PL«PLT/PLX/ % 

CHKPNT PLX S 
EOUIV PLXiPLT/TRUE % 

CHXPNT PLT % 

CONO LBLlOAtPl • 

S SUBTRACT PLB FROM PLT EACH PASS AFTER THE FIRST 
S FIRST PASS GIVES TOTAL CONTRIBUTION OF PLB 
S SINCE L«SET IS SAME FOR ALL SUBSTRUCTURES 
ADD PLT»PLB/PLXX/CtN*(l«0»0>OI/C*N*(-l>0«0.0) S 
CHKPNT PLXX % 

EOUIV PLXXtPLT/TRUE S 
CHKPNT PLT S 
LABEL LBLIOA 
FBS LOOtUOOiPO/UOOV S 
CHKPNT UOOV $ 

MATPRN UOOV»PO*..//S 

MATGPR GPL*USET«SIL«U00V//C*N*0 s 

MATGPR GPLtUSET*SlL*P0//C»N»0 % 

ALTER ICStlll 

PARAM //C*N«A0D/V*N*P1/V«N*P1/C*N(1 S 
OUTPUTl USET(UOOV*OO*PG>//CtN»0/C*N*O S 
ALTER 118 

SOLVE KLLT*PLT/ULLB/C*Mtl % 

CHKPNT ULLB 8 

MATPRN ULLBtPLTtKLLTtt // S 
PARAM //C*N»N0P/V*N«NSK1P1«1 S 
INPUTTl /••••/C*N*-3/CtN«0/C*N«SUB 
LABEL LBLllO 

INPUTTl /USETl*UOOVltGOA«PCl*/C*N*0/CtNtO % 

SORl USETl*PGl*ULLB*UOOVl»tGOA««*i«/UGVtPGG«/V*N«NSKIPl/C»N«STATICS S 
CHKPNT UGVtPGG $ 

MATPRN UGViPGG***// t 

PARAM //CiN»AOO/V*NtNSKIPl/V*N*NSKIPl/C«Ntl S 
PARAM //C*N»SUB/V»NtPl/V»N.Pl/C»N*l $ 

COND LBLSOtPl S 
REPT LBLllOilOO S 
JUMP ERRORl $ 

LABEL LBL80 % 

PARAM //C»N»NOT/V*N»TESTl/V»N»Pl S 
COND ERRORSfTESTl S 

SDR2 CA$ECC*CSTM*MPT**EOEXtN*SlL*«EDTtBGPOT>PGG««UGV«EST</OPGl**OuGvl» 
OESliOEPlt/CtNiSTATICS 8 
OFP OP61*OUOVl*OESltOEFl*t//V»N«CARONO 8 
SAVE CARDNO 8 
PRTPARM //CtN.p 8 
CONO TPN09«TAPE 

OUTPUTl CASECC«CSTM*MPT«EOEXlN«SlL//CiN*0/CtNtS 8 

OUTPUTl EDT«BGP0T«P66«EST«//CtN*0/C*Mi5 8 

INPUTTl /.»n/C»N»-3/CfN.3/C*N»TPJ 8 

INPUTTl /•«i*/CtNf3/CiNiA/C*N*TPA 8 

INPUTTl /i»t«/CtN*-3/C>N*9/C*N«TP5 8 

LABEL TPN09 

ALTER 119*126 

ENDALTER 


Figure 2 . - Concluded. 
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ALTER 111 

BE6!'4 NO.l STATIC ANALYSIS-SERIES MI-ONE SHOT SUBSTRUCTURING $ 

ALTER 90 

PARAM //C*N*N0P/V*N*P1»-X 
PARAM //C*N*NOP/VtNtTRUE*-l S 

» SU8NUM « NO. OF SUBSTRUCTURE TO BE CHANGED *OrFAuLT»-X CORR. TO NO CHANGE 
% NUMSUB ■ NO. OF SUBSTRUCTURES - ONLY USED IF SUBNUM POSITIVE 
PARAM //C*N«NOP/VtY.SUBNUM»«l S 
PARAM //C*N*NOO/V»Y.NUMSUB«X $ 

PARAM //C»N«SUB/V»N.NUMSl/V«Y.NUMSUB/CiN.X i 
PARAM //CtN«SU8/V>N»SueX/C*N«X/V«Y.SUBNUM % 

PARAM //C*>4.N0T/V*N.0UTP/V.Y*SUBNUM S 
ALTER 5A 

S FORM PARTITION VECTOR GCLtCOMPl 
VEC USET/V/C*N»G/C.N»L/C»N,COMP S 
CHKPNT V S 

% FORM PARTITION VECTOR F(LtCOMP) 

VEC USET/VFLC/C»N»F/C«N»L/C*N.COMP $ 

CHKPNT VFLC * 

PRTPARM //CtNtO $ 

ALTER 79 

S PARTITION OUT u-SET 

S L-SET IS SAME FOR ALL SUBSTRUCTURES 

UPARTN USET«KFF/KLLB*»KAO*/C.N*F/C»N*A/CtN«0 S 

CHKPNT KLLBtKAO S 

ALTER BA 

JUMP LBLT $ 

ALTER 96 

S PARTITION OUT L-SET 
S L-SET IS SAME FOR ALL SUBSTRUCTURES 
PARTN PG**V/PLB»»*/C*N*X/C*N.2/C»N.2 S 
CHKPNT PL6 S 
ALTER XOOaOX 

SSG2 USET»GM»VS.KFStGOt*PG/tPOiPStPL S 
CHKPNT PO.PS*PL S 
ALTER X02 

FBS LOO*UOO*PO/UOOV S 
CHKPNT UOOV $ 

MATPRN UOOV*PO»*t//S 

MATGPR CPL»USET«SlL«UOOV//C*NtO % 

MATGPR 0PL*USET.SIL»P0//C*N»0 t 
ALTER X03«m 

PARAM //C*N.AOO/V*N»PX/VtN»PX/C*N»X * 

ALTER lie 

COND LBOUT (SUBNUM S 

PARAM //C(N(SU6/V»N»P1/V(Y(NUMSUB /C*N(I * 

INPUTTl /(..t/CtMt-S/CtN*) $ 

INPUTTl /((.(/CtNt-S/CtNtA $ 

INPUTTl /KLLB1«*(»/C«N«0/C(N(3 % 

INPUTTl /PLBl»*(t/C»N(0/C(N(A S 
ADD KLLBl*/KLLT/ S 
ADD PLBI*/PLT/ t 
LABEL FMKPL % 

COND LBLSUBtSUBl S 
MPYAD KAO(60iKLLT/KLLTX 2/C«N»0 S 
EOUIV KLLTk2»KLLT/TRUE S 
MPYAD 00«P0*PLT/PLTX2/C»N»l S 
EOUlV PLTX2»PLT/TRUE S 

PARAM //C«N(SUB/VtN»SUBl/V(N(SUBl/C«NtlOO S 
9 SKIP UNWANTED INFORMATION OF NON CHANGED SUBSTRUCTURES 
INPUTTl /OUMl(OUM2(../C»N»0/C«Ni3 S 
INPUTTl /DUM3«0UMA.M/C(N(0/CtNiA % 

JUMP LBlll 9 
LABEL LBLSUB 9 

INPUTTl /RA0l(G0l(*(/C»N<0/C(N«3 9 
INPUTTl /GOTl»POl>(t/C(N«0/C(N«A 9 


Figure 3.- DMA? ALTER package for one-shot substructuring. 
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MPYAR KA01*GOl«<tLT/tCLLTX3/C*N.O » 

EOUIV KLLTX3*KtLT/TftUE $ 

MPYAO GOn*POl*PL./PLTX3/C«N*0 $ 

EOUtV PLTX3.PLT/TROE $ 

PARAM //C«N«ADO/V»NfSUBl/V»N«SUBl/C<N«l % 

LABEL LBUl $ 

PARAM //CfN«SUe/V»N«NUMSl/VtN<NUMSl/C«N< 1 $ 

CONO LBOUTtNUMSl $ 

REPT FMXPLtlOO $ 

LABEL LBOUT $ 

SOLVE KLLT«PLT/ULLB/C»N«1 S 
CHKPNT ULLB S 

MATPRN ULLB*PLT»KLLT>» // S 
PARAM //C*NtNOP/V«NtNSKlPl«l $ 

INPUm /«»«>/C»N»-3/C«N«0/C«NtSUB $ 

PARAM //C»HfSUB/VfStSUBl/CtNtl/VtYtSVBNUM S 
LABEL LBLllO 

tNPOTTl /USEn»UOOVl.GOA.PGl./C*NtO/CiNtO S 
CONO LBLNMtSUBl S 
JUMP LBLOO S 
LABEL LBLNM S 

eOUtV ULLBfULX2/TRUE/UOOVl«UOX2/TRUE/PGltPGX2/TRuE I 
JUMP LBLNO S 
LABEL LBLOO S 

t CREATE NULL MATRICES FOP NON CHANGED SUBSTRUCTURES 
ADO ULL6«/ULXl/C»Nt l-ItOiO.O) $ 

ADD ULLBiULXl/ULX2 $ 

ADO UOOVlt/UOXl/C*N«(-UOtO>OI S 
ADD UOOVltUOXl/UOX2 / t 
ADD PGI*/P6XI/C»N«<>1«0*0<OI 3 
ADD P61*PGXl/PGX2/ $ 

PARAM //C«N»ADO/V«NtNSKlPl/V(NiNSKIPI/CtNil S 
PARAM //CiNtSUB/V*N»SU61/ViNtSUei/C«NiI00 t 
LABEL LBLNO % 

SORl USETl>PGX2iULX2>UOX2«iQOA««ii«/UGV«PGG«/V«NtNSXIPl/C«N*STATICS % 
CHKPNT UCVtPGG $ 

MATPRN UGVtPGG***/'/ S 

PARAM //’CtNfAOO/VtNtNSRtPl/'VtNtNSKlPl/CiNd S 
PARAM //CtN»SUB/VtN«Pl/V«NtPl/CiN«l S 
PARAM //C«NtAOD/V*N»Suei/ViN*SU81/CiNtl S 
CONO LBL80*P1 * 

REPT LBLllOtXOO S 
JUMP ERRORl S 
LABEL LBL80 t 

PARAM //C*N«NOT/V»N«TESTl/V<NtPl S 

CONO ERRORStTESTl S 

INPUTTl /•t«t/C»N*-'3/C*N<S $ 

INPUTTl /CASECCl»MPTl»EQEXINXiSlLl<BGPOTl/LiNtO/C«N»S S 
INPUTTl /PG61«ESTl««t/C*NtO/C<N«S $ 

SOR2 CA$ECCl*«MPTl»»EOEXINliSlLlt(<BGPDTl«PGG*tUGV«ESTl*/OPGll»f 
OUGVlltOeSlltOEFlli/CiNtSTATICS S 
OFP OP611*OUGVU»OESll«OEFll«<//V«NiCARONO S 
SAVE CARONO S 

PARAM //C*N*NOP/V«NtNSKlPA«l S 

SORl USETtPGtULLBtUOOVtfGOtidt/UGVNtPGNi/VtNtNSKlPA/CtNiSTATICS S 
SOR2 CASECCtCSTMtMPT* (EOEXlN t SIL • lEOT iBGPOT tPGN « tUGVN lEST » /OPGl t • 
OUGVl»OESl«OEFl»/C»NiSTATICS S 
OFP OPGl«OUGVltOESl»OEFlM//VtN<CARDNO S 
SAVE CARONO 8 
PRTPARM //CtNtO S 

INPUTTl /«*»«/C*Nio3/C»N«l/CiN(TP3 8 
INPUTTl /••••/C»Nf3/C«NiA/CiNiTPA 8 
INPUTTl /•tti/C»Nf3/CiN«S/C«N«TP5 8 
ALTER 119»126 
ENOALTER 
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c) Partitioned matrix, 
bandwidth ■ 6 . 


d) Multipartitioned matrix, 
bandwidth <■ 4. 


Figure 4.- Example of multipartitioning to reduce bandwidth. 
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simply supported beam divided Into three substructures. 



(14 





( 


i 


TITLE-MULTIPARTITIONINQ 

SUBTITLE-BEAM DIVIDED INTO THREE SUBSTRUCTURES 

SET 1-1 thru 5 

SET 2-5 THRU 9 

SET 3-9 THRU 13 

SET 4-1 THRU 4 

SET 5-5 THRU B 

SET 6-9 THRU 12 

DISP - ALL 

STRESS - ALL 

FORCE • ALL 

OLOAD-ALL 

SUBCASE 11 

LABEL - SUBSTRUCTURE ONE*LOAD ONE 
SPC - 1 
OISP-1 
OLOAD-1 
STRESS-4 
FORCE-4 
SUBCASE 12 

LABEL - SUBSTRUCTURE ONE (LOAD TWO 
SPC - 1 
DISP-l 
OLOAD-1 
STRESS-4 
FORCE-4 
SUBCASE 21 

LABEL • SUBSTRUCTURE TWO*LOAD ONE 
SPC • 2 
LOAD • 1 

OI5P-2 
OLOAO-2 
STRESS-5 
FORCE-S 
SUBCASE 22 

LABEL ■ SUBSTRUCTURE TWOiLOAD TWO 
SPC • 2 
LOAD • 2 

D ISP-2 
OLOAD-2 
STRESS-5 
FORCE-5 
SUBCASE SI 

LABEL - SUBSTRUCTURE THREE »LOAO ONE 
SPC • 3 
DISP-S 
OLOAD-S 
STRESS-5 
FORCE-S 
SUBCASE S2 

LABEL - SUBSTRUCTURE THREE » LOAD TWO 
SPC - 3 
OISP-3 
OlOAO-3 
STRESS-5 
FCPCE-6 


Figure 6.- Example problem Case Control and Bulk Data Decks 
for multlpartltlonlng. 

i 
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1 BEGIN 

BULK 





i ASET 

5 

126 

9 

126 


1 CBAR 

1 

100 

1 

2 

1*0 

1 CBAR 

2 

100 

2 

3 

1*0 

§ CBAR 

3 

100 

3 

4 

1*0 

1 CBAR 

4 

100 

4 

5 

1*0 

1 CBAR 

5 

100 

5 

6 

1*0 

I C BAR 

6 

100 

6 

7 

1*0 

r CBAR 

7 

100 

7 

8 

1*0 

P CBAR 

8 

100 

8 

9 

1*0 

r CBAR 

9 

100 

9 

10 

1*0 

r CBAR 

10 

100 

10 

11 

1*0 

r CBAR 

11 

100 

11 

12 

1*0 

CBAR 

12 

100 

12 

13 

1*0 

1 FORCE 

1 

7 

0 

1*0 

-1*< 

1- GROSET 


0 



0 

1 GRID 

1 


0*0 




GRID 


100*0 


1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


345 

12345 


GRID 

3 


200*0 



GRID 

4 


300*0 



GRID 

5 


400*0 



GRID 

6 


500*0 



GRID 

7 


600*0 



GRID 

a 


700*0 



GRID 

9 


600*0 



GRID 

10 


900*0 



GRID 

11 


1000*0 



GRID 

12 


1100*0 



GRID 

13 


1200*0 


2345 

MATl 

100 

1 •OfS 


0*0 


MOMENT 

2 

u 

0 

1*0 

-1*0 

MOMENT 

2 

S 

0 

1*0 

-1*0 

PAR AM 

TAPE 

1 




PBAR 

100 

100 

60*0 

500*0 


SPC 

101 

1 

6 



8PC 

103 

13 

16 



SPCl 

101 

123456 

2 

THRU 4 


SPCl 

102 

123456 

6 

THRU 8 


SPCl 

103 

123456 

10 

THRU 12 


SPCADD 

1 

102 

103 



5 PC ADO 

2 

103 

101 



SPCADD 

3 

101 

102 



ENDDATA 







Figure 6 Concluded . 
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RE1?RODUriBll TTY OF THE ORIGINAL PAQE IS POOR. 


TITLE*ONe SHOT SUBSTRUCTURING 
SUBTITLE«CHANGE IN SUBSTRUCTURE TWO 
0 ISP-ALL 
OLOAD-ALL 
FORCE-ALL 


SUBCASE 

21 





LABEL- 

SUBSTRUCTURE 

TWOtLOAD ONE 


LOAD-1 

SUBCASE 

22 





LABEL- 

SUBSTRUCTURE 

TWOtLOAD 2 



LOAD-2 






BEGIN BULK 





ASET 

101 

126 

103 

126 


CBAR 

101 

200 

101 

102 

1*0 

CBAR 

102 

200 

102 

103 

1*0 

FORCE 

1 

102 

0 

1*0 

-1*0 

GRDSET 

GRID 

101 

0 

0.0 


0 

GRID 

102 


100.0 



GRID 

103 


200*0 



MATl 

200 

1«048 

0*0 


MOMENT 

2 

102 

0 

1*0 0*0 

0*0 

PARAM 

NUMSUB 

3 




PARAM 

SUBNUM 

2 




PBAR 

ENDDATA 

200 

200 

60*0 

500*0 



Figure 7.- Example problem Case Control and Bulk Data Decks 
for one-shot substructuring. 
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